Abstract Considering the tendency of reinforced concrete to redistribute load depending on the amount and location of effective reinforcement a series of experiments were performed using a non-traditional approach with set strain behavior of reinforced concrete beams during crack formation. The influence of location and number of cracks on load redistribution in double-span reinforced concrete beams was assessed.
Introduction
The peculiarity of RC structures strain in statically indeterminate systems is the ability of self-regulation of stress-strain state depending on the actual load. This is well demonstrated in design of flat RC cast-in-place ribbed floorings with beam elements, when reinforcement of multispan beam elements leads to formation of plastic hinges and allows using schemes with equal moments. In fact, we control stressed state of a RC structure by installation of reinforcement in multispan beam or plate structural systems. Such techniques are widely used in design and civil engineering. However, reinforcement is not the only stress state regulator .
Krasnoyarsk scientific school founded by N. Abovsky and including such scientists as L. Endzhievsky, V. Savchenkov, A. Deruga, N. Marchuk, G. Sterekhova, V. Palagushkin, N. Andreev, P. Svetashkov, O. Maksimova, etc., have been studying the influence of various regulation parameters on stress-strain state of structures for many years. Sources [1] [2] [3] [4] formulate the principles for creation of automatic control system for stress-strain state based on system approach to the controlled structure design with consideration of internal actions and energy required for managing.
Vast experimental and theoretical material has been accumulated on investigation of load redistribution and bearing capacity of statically indeterminate structures with consideration of plastic properties of reinforcement and concrete [5] [6] [7] [8] [9] [10] [11] [12] [13] . It is obvious that both theory and practice of RC construction impose the necessity of such approaches for designing RC structural systems.
While working on the energy theory of reinforced concrete and a new end-to-end method of reinforced concrete analysis based on energy diagram method [14] [15] [16] , practicality of cracks generation while producing RC structures was proved both theoretically and experimentally.
Experimental results for pre-cracked beams showed that such cracks serve for internal control of stress-strain state. This finding opens new perspectives for further extension of reinforced concrete theory and practice which are based on energy theory of reinforced concrete resistance.
The purpose of the research, thus, is to assess the effect of number and location of precracks on load redistribution in double-span reinforced concrete beams.
Experiment
In recent years, the orientation for providing seismic resistance of buildings and structures has evolved in the CIS and other countries. It is characterized by the development of active seismic protection and isolation systems, the use of which allow managing within certain limits the regulation of stresses in buildings and structures during earthquakes [17] [18] [19] .
Regulation (redistribution) of load in reinforced concrete structures ensures their normal functioning in varied operating conditions. The task of regulation consists in prior redistribution of load to provide favorable state for certain operating conditions.
Program of experiments was developed for studying the peculiarities of strain processes and crack formation processes in beams with solid cross-sections and in pre-cracked beams.
During the experiments comparative analysis of stress-strain state of the above-mentioned beams was performed using uniform method of experiment.
Specimens preparation. Four series of double-span RC beams with rectangular crosssection (b=100mm, h=200mm) were prepared for the experiments (Table 1) , three out of the four series consisted of pre-cracked beams of different types.
Beams were reinforced with a flat steel frame. The frame consists of longitudinal principal rebars of A-400 type 6 mm in diameter and transverse rebars of A-240 type 6mm in diameter placed with the pitch of 80 mm. Reinforcement ratio is μ =0.15%.
All specimens were produced of fine grained concrete with the components ration of 1:2.5 (cement of type M400:sand) with W/С=0.45 and filler fineness modulus of 2.5-5 mm, filler strength corresponding to the type B20.
Reference prisms 100×100×400 mm in size and cubes 100×100×100 mm in size were prepared and tested along with experimental specimens using the П-250М hydraulic press to define the strength of concrete. Prism strength values for fine grained concrete in experimental specimens during testing are given in Table 1 . 
Beam identification code: first letter «Б» stands for "beam". First digit marks the series, the second digit marks the variant of pre-cracks location: 1 -beams with solid crosssections, 2 -beams with pre-cracks in mid support, 3 -beams with two pre-cracks in the middle of each span, 5 -beam with one pre-crack in the middle of one span (Table 1) . Precrack was organized by installing a steel zink-coated plate 100х60mm in size and 0.3mm wide.
Loading was performed by applying two concentrated forces, one force for each span at the distance of half of the span. Considering this loading scenario, the ratio of support moment to the span moment defined from the elastic system is М sup /М sp =1.2. For the purpose of load redistribution due to pre-cracks formation and opening, reinforcement of support and span cross-section was installed according to elastic system calculation. Practically it was achieved by setting the same amount of reinforcement in support and in span.
The load was transmitted to the beam through a pin-supported crossbar. The load was sustained for 15 minutes at each stage, during that time the readings of sensors were recorded and the pre-cracks opening width was measured.
The moment of cracks formation, their propagation pattern in height and opening width were recorded visually and using the МПБ-2 microscope with the scale of 0.05 mm. The width of regular cracks was measured at the level of tensile reinforcement. During pauses between loading sessions, the height, width and propagation pattern of cracks at a certain loading state were marked on the bleached side surface of the beam.
Concrete strain and beam deflection were measured up to bearing capacity exhaustion, which corresponded to the yield stress in reinforcement and further crush of beam concrete in the compression area.
Results
All beams were tested using a uniform technique. As a result of the experiments, comparative data were obtained on deformation of beams with different variants of precracks location.
Moment values for support reactions in beams with pre-cracks were found different from those obtained for elastic deformation scheme. This difference was equally observed for all beams series almost from the initial loading stages, which corresponds to formation of stochastic cracks or to opening of pre-cracks in span or support beam cross-sections. Figure 1 
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Having analyzed the obtained graphs, one can notice that under low loads (loading stage 1-3) the experimental values for beams series 1, 2 and 5 correspond closely to the calculated ones. With stochastic cracks occurring or pre-cracks opening, experimentally obtained moment values differ a lot from those calculated for elastic deformation scenario.
Considering redistribution of load after stochastic cracks occurrence or pre-cracks opening, the value of support moment under load F=14kN in each span was M=2.36 kNm for beam series 1, 2, 5 and M=1.878 kNm for beam series 3, which is significantly lower than the limit value M=2.54 kNm. The moment at support reached the value of 2.54 kNm under the load in span roughly equal to F=16 kNm. As a result of formation and opening of cracks in beam series 1, 2, 5 due to redistribution of loads compared to elastic deformation scenario the load at which support cross-section reaches its limit state increased by 14%.
The results of RC beams testing were used to obtain graphs of midspan deflection (Fig. 2) . The load-deflection curve for beams with solid cross-section in span has a clearly visible region of deflection growth under permanent load, while in pre-cracked beams such regions are not observed. The maximum deflection in span is 1.48 mm with the load of 11 kN in each mid-span.
The following was found for pre-cracked beams: -In beams with pre-cracks in each mid-span the deflection at initial stage is higher that that in beams with solid cross-section. Slight variation of the curve and transition to the region of less growth correspond to opening and propagation of pre-cracks. The maximum deflection is 1.43 mm with the load of 11 kN in each mid-span.
-In beams with a pre-crack in the middle of span No.1 the values of deflection in each mid-span differ considerably , approx. by 2.7 times. Deflections in the second span are higher than in beams with solid cross-section. However, the deflection values in span No.1 compared to those in beams series 1 is 45% lower. Maximum deflection in the first span is 1.02 mm, in the second span -1.74 mm under the load of 11 kN in the mid-span.
Generation and opening of pre-cracks considerably varies load distribution compared to that within elastic system calculation, which indicates the regulatory function of pre-cracks.
The conducted research serves as transition to regulation of deformation in reinforced concrete beams, and in prospect it will allow managing crack resistance by pre-cracks generation.
Conclusion
General approach for pre-cracks generation in frame systems is developed. The number and location of such cracks are proved to have direct effect on load redistribution and stressstrained state.
At the moment, full-scale experiments are being prepared with structures (reinforced concrete hollow-core flooring slabs) damaged up to serviceability limit state with precracks in the maximum moment area.
The suggested method of "plastic hinges" creation by cracks generation will allow using them as energy sinks.
In the beginning of 2018, dynamic experiments with RC frames prepared in scal 1:2 are planned in Kazakh State Research and Experimental Design Institute on Earthquake Engineering and Architecture. Such experiments will allow developing recommendation on the use of new energy sinks in buildings and structures located in seismic regions.
